Various octadeoxynucleotides containing uracil at different positions were synthesized and submitted to the action of Escherichia coli and Micrococcus luteus uracil-DNA glycosylases. A uracil residue situated at the 5'-end was excised by the M. luteus enzyme but not by the E.coli one. Uracil residues located at the ultimate and penultimate positions at the 3'-end were not cleaved by either enzymes. At the other central positions, uracil was eliminated with different initial velocities. Single stranded 0X 174 DNA fragments were used to study the influence of the sequence. Cytosine bases were deaminated to give uracil by bisulfite treatment. It was shown that the initial excision velocity of two vicinal uracil residues was decreased. The same observation was made for two uracils separated by one base. A hypothetical scheme is suggested to explain the mechanism of action of uracil-DNA glycosylases.
INTRODUCTION
Uracil residues can appear in DNA either during replication by incorporation of dUTP instead of dTTP (1) (2) or by deamination of cytosine residues. In DNA, uracil is removed by a specific enzyme, the uracil-DNA glycosylase which releases a free uracil and yields an apyrimidic site (AP-site) . This enzymatic activity has been found in both prokaryotes or eukaryotes. Although most of their properties appear to be similar ri,2i, a detailed comparison of the properties of the enzymes from Escherichia coli, Micrococcus luteus and H cells (nuclear and cytoplasmic enzymes) shows that they behave differently f31. A complete removal of uracil, resulting from cytosine deamination, is of utmost importance for the cells. If this lesion is not removed, a transition mutation (G-C -A-T) appears after the next round of replication r4,51. Data concerning the overall action of uracil-DNA glycosylases are available rl, 21. They are small proteins, which act two fold faster on dUMP residues in single stranded DNA than those of double stranded DNA (1) (2) (3) . The E.coli enzyme does not act by phosphorolysis F 61 and the M. luteus enzyme is not a processive enzyme T71. However, very little attention has been given to the excision of uracil residues, depending on their position in the DNA chains. In order to study the enzyme requirements at the molecular level, we have compared the initial rate of excision of uracil located at different positions of synthetic octanucleotides. Using long single-stranded DNA fragments, we have also investigated the influence of the neighbouring bases on uracil excision. d(GTAUGTAU) was obtained by specific deamination of d(GTACGTAC) using sodium bisulfite Fill The conversion to uracil was checked as described above by TLC on PEI cellulose.
MATERIAL AND METHODS
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Aliquots of 500 umoles of oligonucleotides (~ 10 ^jc^' were P-5'-end labeled f18,191, then the 5'-end labeled octanucleotides were separated from the 5'-hydroxyl terminated-ones by reversed phase high performance liquid chromatography as previously described fl91.
Enzymatic reactions
Two uracil-DNA glycosylases of different origins were used : the M. luteus enzyme was the homogeneous fraction isolated by Leblanc et al. f71 and the E.coli enzyme was purified to homogeneity using the same procedure f3i. After incubation with the enzyme, the reaction was stopped as already 
RESULTS
In order to study the mechanism of action of uracil DNA glycosylases, synthetic oligonucleotides containing uracil at different positions were prepared by phosphotriester and phosphoramidite methods. The following Therefore, the depyrimidinisation of cytosine by either hydrazine, as we can follow uracil glycosylase activity by this technique at a specific position in the DNA chain.
Excision of uracil residues from short oligonucleotides by M.luteus or E.coli uracil-DNA glycosylases.
Preliminary experiments had shown that, when the uracil residues was located in the central part of an oligonucleotide such as d(GTAUGTAC), its excision by uracil-DNA glycosylase was as efficient as that of uracil in longer chain. Therefore the oligonucleotide d(GTAUGTAC) was used as internal reference in samples containing oligonucleotides studied. Equimolar mixtures of d(GTAUGTAC) and of the octamers to be studied were treated by either H.luteus or E.coli enzymes. Figure 3 Excision by E.coli 
E.COLI (A)
incubatior. times, T was non treated by the enzyme and piperidine, T+p was not digested by the enzyme but treated with piperidine, E was digested by the enzyme but not followed by piperidine treatment. C is base specific chemical cleavage of cytosine and uracil. Pi is the position of inorganic phosphate.
Pi
The figure 2 shows the kinetic excision of uracil residues by the Table I. For both enzymes, an uracil adjacent to the 3'OH and/or in the penultimate position is not excised. The lack of excision of uracil residues is not due to T and C adjacent bases, since it is excised from the octamer d(GTUCGTAC). An important difference in the specificity of the two DNA-glycosylases is observed when they act on dUMP residues adjacent to the 5'-phosphate terminal : the M.luteus enzyme remains fully active while the E.coli enzyme is completely inactive. All the uracil residues located in central positions are excised, although with some differences in the initial velocity. These results suggested that the bases adjacent to uracil may have some influence on its excision. This point was further investigated using deaminated 0X 174 DNA fragments.
The lack of activity of the E.coli enzyme dUMP residues located at the P-5'-end was further investigated. We ruled out the possibility of a In conclusion, uracil residues, located in the penultimate or ultimate 3'0H position are not excised. This is true for both enzymes studied.
Enzymatic excision of uracil in natural single stranded fragments containing uracil in place of cytosine (-) 7 sequence 
DISCUSSION
The present study using model DNA fragments containing uracil gives some information about the mechanism of action of uracil-DNA glycosylase.
By a direct determination, we have shown that uracil DNA glycosylases from both E.coli and M.luteus do not recognize the uracil residues, either in the ultimate or in the penultimate positions at the 3'-end. These findings determined the minimal distance from the 3'-end required for enzyme activity. They suggest that the binding of uracil-DNA glycosylases from E.coli and M.luteus which are small globular proteins requires at least two bases on the 3'-side of the excisable uracil. It was suggested earlier that the uracil-DNA glycosylase from E.coli <2), B.subtilis f2H
and Hela cells r 221 do not excise uracil when this base is located at the 3'-end.
In the case of M.luteus enzyme, the uracil located at the 5'end is normally excised.
In the case of the E.Coli enzyme, uracil located at the 5'-end is not for the presence of uracil in human DNA fragments. To test their method, they studied fragments with 10 percent of uracil substitution. In this case, the influence of the steric hindrance could not be detected because the probability of finding two vicinal uracils was too low (1%). Moreover, heating with sodium hydroxide causes the deamination of adenine and creates AP-sites.
In conclusion, the experiments presented here allow us to propose a model for the mechanism of action of uracil-DNA glycosylase. They also suggest that the sequence of the bases surrounding uracil has an influence on the rate of excision. Sequencing methods and synthetic oligodeoxynucleotides are valuable tools to investigate enzymatic actions and to show variations undetectable under other conditions. *To whom correspondence should be addressed
